off or drops to zero at large Q 2 . A recent analysis [14] of the unpublished data of the SLAC experiment E133 points rather to the second possibility, though the precision of the data is yet not sufficient to single out one possibility over the other.
The theoretical predictions for the normalization and the Q 2 evolution of G * M are sensitive to the shape of the proton distribution amplitude. It is therefore essential to have reliable models for both the nucleon and the ∆ distribution amplitudes to be able to make comparisons with the data in precise detail.
In a previous letter [20] , we have shown that two widely used models for the nucleon dis- sum-rule requirements [7] on the moments of Φ N up to the third order with almost the same overall accuracy as with the COZ model. Furthermore, the calculated decay widths of the charmonium states 3 S 1 , 3 P 1 , and 3 P 2 into pp are in excellent agreement with the data [21] without individual adjustment of the various parameters. No other existing model is so successful in that respect [11, 22, 23] .
In the present letter, we apply similar ideas to derive an optimum distribution amplitude for the ∆ + (1232) isobar. The new element of our approach is that we treat the sumrule analysis of Carlson and Poor [15] in conjunction with that of Farrar et al. [16] . A second result of this paper is the calculation of the transition form factor G * M in remarkable agreement with the data. In addition, we make predictions for the decay widths of the charmonium states 3 S 1 , 3 P 1 , and 3 P 2 into ∆∆.
To leading order, the quark distribution amplitude for the baryon with helicity +1/2 can be represented in the form:
where Φ as (x i ) = 120 x 1 x 2 x 3 and {Φ n (x i )} are the eigenfunctions of the interaction kernel of the evolution equation, expressed in terms of Appell polynomials [1] . The corresponding eigenvalues γ n equal the anomalous dimensions of the lowest-twist three-quark operators carrying the appropriate baryonic quantum numbers and are perturbatively calculable renormalization-group coefficients [24] . Note that in the ∆ case only eigenfunctions sym-
The expansion coefficients B < Ω|O
Here z is a lightlike vector (z 2 = 0), with z · q = q + = q 0 + q 3 for any vector q, S
is the spin function of the baryon with helicity +1/2, and f N (∆) is a dimensionful constant denoting the value of the matrix element at the origin.
To carry out sum-rule calculations [2, 4, 6, 10, 15, 16] , one uses correlators involving two of
where (z · γ) γγ′ serves to project out the leading twist-structure of the correlator. To obtain constraints on the moments of the baryon distribution amplitude,
) a short-distance operator product expansion is performed at some spacelike momentum µ 2 where quark-hadron duality is valid. By virtue of the orthogonality of the eigenfunctionsΦ n , the coefficients B can be determined by means of moments inversion using as constraints the sum-rule requirements. The baryon distribution amplitude is then expressed in the form of a truncated series of Appell polynomials of up to second order, which means that we take into account the first six terms: n = 0, 1, . . . 5.
The coefficients for the heterotic nucleon distribution amplitude were determined in [20] : is shown in Fig. 1 .
In this note we treat the sum rules defined in Eq. (3) for n 1 + n 2 + n 3 ≤ 3 and m = 1 by exploiting the possibility of simultaneously satisfying the moment constraints on the ∆ distribution amplitude of both the Carlson and Poor [15] and the Farrar et al. [16] analyses.
In this way we obtain a ∆ distribution amplitude which has the explicit form
with coefficients B ∆ n given in Table I in comparison with those we determined for the specific model forms proposed by the above authors. Remarkably, like the nucleon case, this solution has heterotic character (see Fig. 2 ).
From Table II we can see that all the moments of the heterotic solution are within the range calculated by FZOZ for the amplitude
satisfied, with the exception of the moment V (001) for which the heterotic solution yields a value slightly smaller than the estimated minimum value of the corresponding sum rule.
Note that if one takes the estimated margins of both analyses [15, 16] as they stand, then it is not possible to find a solution for the ∆ distribution amplitude of the form given by Eq. 1 which simultaneously satisfies all sum-rule constraints.
Following [12] we input the heterotic nucleon distribution amplitude to calculate the N − ∆ + transition form factor G * M , modeling the ∆ + isobar by the three options labeled CP, FZOZ, and Heterotic. The Q 2 evolution is due to the one-loop approximation of α s (Q 2 ) with Λ QCD = 180 MeV [25] . Here the average of two coupling constantsᾱ 
; the corresponding values ofᾱ s (Q 2 ) for the other considered models are given in [20] and references cited therein.
The results are shown in Fig. 3 , where also comparison is made with the predictions for G * M derived from Φ Heterotic ∆ in conjunction with previous models for nucleon distribution amplitudes. The experimental data are compiled in [19] . In all cases the CP value |f ∆ | = 11.5 × 10 −3 GeV 2 has been used, which is within the spread of the FZOZ estimate. We emphasize that the sign of G * M predicted by CZ [4] , COZ [7] , and GS [5] comes out negative for all ∆ distribution amplitudes discussed here (cf. [22] ). It is only the heterotic [20] nucleon distribution amplitude and the KS [6] one that yield a positive sign for G * M .
In order to account for (unknown) confinement effects at low Q 2 , we saturate α s by introducing an effective gluon mass:
The situation is illustrated in Fig. 4 . In contrast to other approaches of this type [8, 26] , we use a dynamical, i.e., scale-dependent gluon mass derived by Cornwall [27] :
Due to the positivity of the anomalous dimension of the mass operator, this gluon mass vanishes asymptotically. This soft behavior at short distances leaves the validity of the form-factor evolution at large momentum transfer virtually unaffected. In the fit shown in Referring to the same figure, we see that including the perturbative Q 2 evolution of the coefficients B ∆ n (cf. Eq. (1)), it is sufficient to provide a good fit to the data above Q 2 ≈ 3 GeV 2 /c 2 (dashed line). At lower Q 2 values, additional nonperturbative parameters have to be introduced in the way just described (e.g., effective parton masses, quark clustering etc.) to account for the limitations of the leading-order formalism.
In conclusion of this work, we make predictions for the exclusive decays of the charmonium levels 3 S 1 , 3 P 1 , and 3 P 2 into ∆∆. We here follow [11, 20] . The branching ratio of the decay of the J CP = 1 ++ state into ∆∆ is given by
whereM ≈ 2m c ≈ 3 GeV and ∆ = 0.4 GeV (the last value is taken from [28] -see also [29] ).
The analogous expression for the J P C = 2 ++ state has the form
The partial width of the
where f ψ determines the value of the 3 S 1 -state wave function at the origin. Its value can be extracted from the leptonic width Γ( 3 S 1 → e + e − ) = (4.72 ± 0.35) keV [21] via the Van Royen-Weisskopf formula. The result is |f ψ | = 383 MeV with m J/ψ equal to its experimental value [21] . The nonperturbative input is due to f ∆ and the decay amplitudes M We have performed our analysis pretending that factorization applies to exclusive reactions, so that a perturbative treatment is justified at accessible momentum transfer. This issue has been questioned by Isgur and Llewellyn-Smith [31] and also by Radyushkin [32] , who argued that soft contributions dominate even at enormous momentum scales, rendering perturbative QCD inadequate for exclusive reactions. However, more recently, Li and Sterman [33] have shown that there is a an infrared protection of the perturbative picture provided by Sudakov effect suppression.
In summary, we believe that the heterotic distribution amplitudes Φ KS [6] , and COZ [7] . The data denoted by open circles are from [14] .
FIG. 4.
Comparison with available data of the transition form factor γp∆ + calculated with the heterotic nucleon distribution amplitude and the heterotic distribution amplitude for the ∆ + isobar.
Three different calculations are shown: the one-loop approximation of α s (Q 2 ) (solid line), a modified expression for α s (Q 2 ) which takes into account a dynamical gluon mass m g (Q 2 ) (dashed-dotted line), and the effect of Q 2 -evolution of the coefficients B ∆ n (dashed line). 
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